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I. INTRODUCTION
The investigations that resulted in this paper were first undertaken
in order to determine whether drainage from the root end of a dead
tooth should be regarded as drainage directly into the blood stream.
It was our purpose to examine the venous system of marrow, and also
of the spleen, with the idea of discovering whether the blood was
confined wholly in vessels, in certain parts of red bone-marrow and
of the spleen, or whether it was free in the interstitial spaces. It
was our purpose, in particular, to determine whether there was free
blocd in the reticulum of the red marrow of the jaws or whether the
smaller veins had such delicate walls of endothelium as to render
those walls practically non-existent.
This purpose was abandoned, however, for a more important one,
when the first slides to be examined showed the presence of fibrous
marrow in the cancellous bone at the root ends of dead teeth. Pre-
vious investigations had shown infection in cancellous bone at the
299
 at UCSF LIBRARY & CKM on March 11, 2015 For personal use only. No other uses without permission.jdr.sagepub.comDownloaded from 
JOSEF NOVITZKY
root ends of dead teeth in all cases examined; but the evidence of
infection had been disregarded by many dentists, who still maintain
that devitalized teeth can be retained uninfected in the jaws. It
now became our purpose to determine the validity of the earlier
evidence of infection, in terms of the new evidence offered by the
presence of fibrous marrow in cancellous bone at the root ends of
dead teeth.
The presence of fibrous marrow in all cases would indicate infection
in all cases. It cannot be argued that fibrous marrow would indicate
mere irritation and not infection. Investigations have shown that
permanent fibrous marrow does not result from mere irritation. A
nail driven into cancellous bone under aseptic conditions at first
causes the marrow in the region of the puncture to become fibrous.
If, however, asepsis is maintained, the results of the irritation are
resorbed and the marrow becomes normal.
II. GENERAL OUTCOME OF THE RESEARCH
Our investigations showed clearly the presence of fibrous marrow
in cancellous bone at the root ends of dead teeth in all cases examined.
This gives us further (in fact, final) evidence of infection in or from
devitalized teeth. The normal marrow was conclusively demon-
strated to be both lymphoid and fatty.
It was noted, in all cases examined, that fibrous marrow was most
abundant in the apical regions of dead teeth and in many instances
restricted to such regions, indicating that the septic irritation was
apical rather than gingival. The infection, in other words, gains
access to the cancellous bone from the dead-tooth dentine by way of
the apical foramen and not, as some have thought, from the mouth
through the gum flap into the tooth socket.
In the cases of all the dead teeth examined, a diagnosis of myelitis
was established microscopically by the presence of fibrous marrow,
a deviation from the normal, in the adjacent cancellous bone of the
jaws. The presence of fibrous marrow indicated not fleeting but
permanent irritation, due undoubtedly to reinfection from the dead
tooth. This fact is often overlooked-the menace of dead teeth lies
not so much in infection as in constant reinfection.
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111. HISTOLOGIC ANI) DIAGNOSTIC DATA ON WHIIICH THE
CONCLUSIONS ARE I3XSTD
The accompanying photographs and microscopic diagnoses, made
by Dr. Blaisdell, illustrate the facts.
Case 556
CASE 556: L. superior. Roentgenogram. See slide 556
3 2
SLIDE 5,56: L. superior. 1, necrotic bone. 2, hemorrhagic area. 3 round-cell and
leukocytic infiltration. [Obj. 2 in.; oc. 4; helloxxs length, 14 in.1
The above paraffin section (Case 556) showed inflammatory tissue
and necrotic bone. There were some edema, granulation tissue,
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increase in fibrous tissue in places, and in some parts hemorrhagic
exudate. There were few plasma cells, and many leukocytes were
intermixed with round ctlls.
Case 461
CASE 461: antralvwall. Roentgenogram. See slide 461
A
B
SImtE 461: antral. wall. Shows well-stained osseous trabeculae and fibrous marrow.
A, deeply stained trabeculae; lacunac with bone corpuscles abundant but not shown.
B, fibrous marrow. C, denser fibrous marrow. [O14. 1 in.; oc. 1 in.; bellows length,
12.5 in.]
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The specimen for examination (Case 461, antral wall) consisted of
prepared histological slides showing paraffin sections mounted in
balsam, and stained with hematoxylin alone, hematoxylin and eosin,
and hematoxylin and picro-fuchsin. Microscopical examination
showed well stained osseous tissue and much fibrous marrow. The
bone trabeculae contain numerous lacunae, which are occupied by
well stained bone cells; in several small areas these cells are absent
and the lacunae are empty; the lamellization is partly distinct. Some
of the marrow spaces are filled with fatty marrow. The fibrous
marrow varies in density; in one area through the section it is dense
and has stained deeply. Capillaries are very abundant in the fibrous,
but not in the fatty, marrow. There is a very diffuse and sparse
round-cell infiltration in the fibrous, and in some parts of the fatty,
marrow; scattered plasma cells and endothelial leukocytes are seen.
About several of the larger blood vessels are denser accumulations of
round cells. Diagnosis: Chronic inflammatory tissue and myelitis.
Case 482
CASE 482: old abscess or "cyst." Roentgenogram. Sec slides 482
The roentgenogram of the left side of the mandible (Case 482)
indicates a large region of less than normal density surrounded
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by eburnated or sclerosed bone at the site of the first-molar. The
tooth, described by the patient as "ulcerated," had. been extracted
six years previously. The two photomicrographs show what ap-
peared at microscopical examination of the tissue (indicated by the
arrow) when it was removed by an operation.
A
A C D r
SLIDE 482, 1: old abscess. A, newly formed cionnectixe tissue C, granulation tissue.
D, purulent center. T', hemorrhagic exudlate. See slidc 482, II.
The paraffin sections of Case 4-82, diagnosed as chronic inflamma-
tory tissue and granulation tissue with abscess, show a few osseous
trabeculae differing in size. Thcse have stained well. The lacunae
contain deeply stained bone cells. There is a large amount of newly
formed connective tissue, infiltrated with round and plasma cells.
Around this area the collagen bundles are abundant; in the inner
part, the tissue is quite cellular. Leukocytes, intermixed with round
and plasma cells, increase in number from the periphery to the center.
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A cavity filled in with partially calcified granulation tissue (as
shown in the roentgenogram of Case 482) is often confused by dentists
with physiologic ossification. But it is only necessary to see a few
cases at operation to realize that there is no similarity between the
deposit of calcic debris and a physiologic ossification.
Si IDI 482 II: old abscess. Purulent center, more highly magnified. See slidle 482, 1.
[Obj. \ (Zeiss); oc. 4; bellows length, 16 in.]
Case 482 )rovXed to be an abscess. The term "cyst" is us-ed fre-
quently to designate a suppurative area in the vicinity of the root end
of a (lead tooth. Common findings indicate that abscess wouIcl be a
more accurate term, as the "cyst" wall is generally composed of
granulation and fibrous tissue. The term "cyst" is more accurate
when epithelium surrounds the mass; but, even in this case, suppura-
tion may be superimposed on the cystic condition.
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Case 471
CASE 471: fragment of bone from a so-called "cyst.' Roentgenogram. See slide 471
SLIDE 471: fragment of bone from a so-called "cyst.' Shows a fragment of bone
taken from curettings. The tissue has not stained swell nor evenly, and the lacunae are
empty. The accompanying material showed granulation tissue and intermixed leuko-
cytes. [Obj. A (Zeiss); oc. 4; bellows length, 13 in.]
Case 471 shows a roentgenogram and a photomicrograph of a
fragment of bone taken from a case of so-called "cyst." There is
shown a large area representing what appeared to be structureless
calcic debris in the molar region on the left side of the mandible. An
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abscessed tooth had been extracted from this region some years be-
fore operation. At operation the curette slipped into a hole in the
cancellous bone. Granulations and odor were noted. The micro-
scopical examination, by Dr. l3laisdell, of tissues mounted and sec-
tioned in paraffin, showed broken-up cancellous tissue and fibrous
marrow, intermixed in some places with leukocytes. The osseous
trabeculae have stained rather poorly. Lacunae and the haversian
canals are uniformly empty. The case was diagnosed as infective
osteomyelitis.
In connection with these cases it is interesting to call attention to
the so-called "bone whorls" that are mentioned in dental writings.
One of these is pictured as Case 37.
Case 37
Ciast. 37: bone wxhorl. Roentgenogram (no accompanying slidee)
This case would probably prove to be eburnated bone at operation. Tn cancellous
bone, cburnation due to embolism, eburnation due to local sepsis. and partially calcified
granulations, appears at times, to be similar in rocnltgenograms andl should 1)0 differentiated
clinically. The first of these three is undoubtedly due to circulatory arrest. The atrophy
of marginal alveolar process indicates, as did also the clinical data, that sy}stenmic causes
were responsible for the blocked blood vessels.
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A "bone whorl" may be regarded as an embolic circulatory arrest
resulting in a deposition of blood salts in the reticulum of cancellous
bone and shown in the roentgenogram as an eburnated area. In
Case 37 the atrophy of marginal alveolar process indicates, as did
also the clinical data, that systemic causes were responsible for the
blocked blood vessels.
An eburnated region in cancellous bone and a region of partially
calcified granulations are diffi cult of differentiation in a roentgeno-
gram. The term "bone whorl" for such a formation is quite lacking
in diagnostic value. If an embolus has caused a circulatory arrest
in cancellous bone, and a resultant obliteration of haversian spaces
by blood salts has followed, other evidence of atrophy or sclerotic
bone is usually found. If a partially calcified granuloma is present,
the clinical history and the roentgen-ray evidence are usually sufficient
to differentiate it without recourse to a meaningless term like "bone
whorl." The granuloma at operation, will be found to occupy an
offensively odorous cavity in the bone. Case histories indicate that
a granuloma has persisted for thirty years after the extraction of an
abscessed tooth with disastrous results to the health of the patient.
Case 551I
CASEi. 5a1: 01(1 region remaining after extraction of a tooth. Roentgenogranm. See
slide 551.
In the examinations of cancellous bone at the root ends of dead
teeth, a diagnosis of osteomyelitis was commonly possible. This was
established by the absence of bone cells in the lacunae, by irregular
lamellac, by a differentiation in the staining quality, and in the more
extreme destructions by the presence of structureless necrotic debris.
The roentgenograms and photomicrographs of Cases 551 and 555
show cases diagnosed as osteomyelitis.
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In Case 551 is shown an old mass remaining after extraction. At
operation a rounded depression was seen in the outer plate of alveolar
process. This was removed with a gouge. A microscopic examina-
tion of parlodion sections of it showed cancellous bone. The marrow
spaces were filled with fibrous marrow; in some places a few fat cells
were seen but no lymphoid marrow. Cellular infiltration was sparse,
A
B
CA;to ntH- S* G o05J-an m e9-
SLIDE 551: old region remaining after extraction of a tooth. A, newly formed bone
with cells in lacunae. B, dead bone; lacunae empty. C haversian canal; tissue shows
retrograde changes. D1, blood-vessel. E, dense fibrous marrow. F, eml)ty fat cells.
FObj. A (Zeiss); oc. 4; btltowels length, 13 in.]
and consisted mainly of plasma cells and fewer round cells. There
were many blood vessels, ranging from those of moderate size to
smaller arterioles. The osseous trabeculae showed some variation in
staining. The lacunae were empty in numerous areas, but in others
bone cells were persistently present. In certain trabeculac the tissue
containing empty lacunae has stained more heavily with hematoxylin.
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This tissue was surrounded by newly formed bone in which bone cells
filled the lacunae. The darker areas appeared to have been buried
by a productive or condensing ostetitis, for their margins were abrupt
and irregular against the even haversian systems of the new bone.
In places, osteoblasts lined the margins of the trabeculac; about other
parts of the bone, osteoclasts were observed.
Case 555
CASE 555: necrotic antrum-floor (teeth extracted some years previously). Roent
geno-ram. See slides 555, I, and 555, II.
Ii
SLIDE 555, I: necrotic antrum-floor. G, shows abundant fibrous marrow, with a few
scattered plasma cells. II, trabecula of live bone, with cells in lacunae and margined
with osteoblasts. 1, three osteoclasts. [Obj. A (Zeiss); oc. 4; bellows length, 13 in.]
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Under Case 555 are shown a roentgenogram and photomicrographs
of a section of antral membrane and a section of cancellous bone.
This case was diagnosed as chronic osteomyelitis with inflammatory
thickening of the antral membrane. The roentgenogram shows the
necrotic antral floor some years after the tooth had been extracted.
D
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SLIDE 555, II: necrotic antrum-floor. Viewx of antral membrane. Plasma-cell
infiltration marked; also increase in the fibrous tissue, especially in the corium of the
mucosa. 3, epithelial surface. E, edematous connective tissue. D, blood vessels.
[Obj. A (Zeiss); oc. 4; bellows length, 13 in.]
Slide I shows extensive round- and plasma-cell infiltration, with in-
crease in the fibrous tissue, especially in the corium of the mucosa,
with edema of the tissue lining the floor of the maxillary sinus. Slide
II shows an abundance of fibrous marrow with a few scattered plasma
cells.
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We should call attention here to a point brought out in 1915,1
namely, that a diagnosis of osteomyelitis, in severe chronic cases in-
volving the nutrient tubes and canals of the jaws, is not very helpful,
since it ignores serious complications that could not be alleviated by
an indefinite surgical treatment, such as that in surgical interference
in osteomyelitis. For instance, suppuration and death of the con-
tents of the inferior dental canal should be specifically diagnosed
rather than cloaked with the term osteomyelitis, which does not in-
dicate the exact region involved.
The cases studied in our examinations of cancellous bone would
serve well to point out to the surgeon, unfamiliar with localized ills
resulting from dead teeth, that infective elements remaining after
the extraction of septic teeth cannot safely be ignored There is no
sufficient reason for believing that such infective elements are not
harmful to the body, even though the danger of reinfection that
existed when the tooth was in the jaw has been lessened by removal
of the tooth The residual infective elements are not exfoliated.
They remain as pathologic regions that become surrounded by bone
more or less sclerosed and eburnated. This is shown very clearly
by the facts pertaining to Case 482.
Case 401
There has been no thoroughly satisfactory explanation of the lack
of sequestra in the cancellous bone at the root ends of dead teeth,
although it has been suggested that this lack is due to the very abun-
dant blood supply in and about the jaws. Less vascular regions,
such as the long bones, where the blood vessels are not so numerous,
and where they would be more apt to become occluded from inflam-
matory swellings, are regions where sequestra are commonly found.
Although sequestra in the cancellous bone at the root ends of dead
teeth are practically unknown, a minute sequestrum, as an exception,
has been occasionally observed. Case 401 was a very interesting one.
A first molar was removed by operation, but the operative field did
not extend to the lingual plate, as normal cancellous bone was seen
to be lining the inner side of the lingual plate. Ten months after this
I Novitzky: The radiograph in dentistry, Pacific Dental Gazette, 1915, xxiii, p. 265.
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CASE 401: a small sequestrum on a lingual plate. Roentgenogram. See slide 401
SLIDE 401: a small sequestrum on a lingual plate. Shows osseous tissue that has
stained irregularly and the lacunae are empty. Portions of two haversian systems are
shown; these also show no bone cells. In another part of the tissue, however, bone cells
are present in the lacunae. [Obj. A (Zeiss); oc. 4; bellows length, 13 in.]
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first operation a small red spot was observed on the lingual side of
the lower first-molar socket. Clinically there had been no acute in-
flammation outside of the small spot on the gum (see roentgenogram).
After some weeks of observation, the mucous membrane, when raised
and retracted, showed a wart-like protuberance of what appeared to
be bone tightly adherent to the lingual cortical plate. The protu-
berance was removed with a chisel. This tissue was run through
alcohol, mounted in parlodion, and stained. A microscopical ex-
amination of a 2 mm. section by Dr. Blaisdell showed osseous tissue
that had stained fairly wellbutwith irregular intensity. For the greater
part, the lacunae were empty, with no signs of bone cells. About
some of the haversian systems, however, between the distinctly
concentric lamellae, bone cells occupied the lacunae. At the periph-
ery of these haversian systems, the lamellae between which the
lacunae were empty ended abruptly and irregularly. The slide
shows portions of two haversian systems with lack of bone cells.
If the mass described above had been situated between the cortical
plates, it would probably have broken down and become filled with
granulation tissue. Partial calcification, permanent or temporary,
might have followed. Such a mass sometimes does calcify. When
observed in roentgenograms over a period of some years, changes in
density are noted; apparently broken-down bone and blood salts are
partially absorbed. New blood salts may be again thrown down,
when there is a low-grade inflammatory change.
Many regions have been opened in edentulous jaws, years after
dead teeth have been removed. In all of these from which cultures
were incubated infective pathogenic microorganisms have been
found. Odor and granulation tissue were noted. Microscopic
examination showed round-cell and leukocytic infiltration of granula-
tion and fibrous tissue. Edema, and hemorrhagic and purulent exu-
date, were noted. Examinations of osseous tissue showed fibrous
marrow, empty bone-lacunae, and irregular lamellae bearing evidence
of osteoclastic activity.
The fact that eburnated cancellous bone is so commonly found in
the jaws indicates that an infectious process has been present. It has
already been pointed out that if infection is not present, fibrous mar-
row is absorbed and replaced by lymphoid marrow. If infection is
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not present, eburnation does not take place and the normal reticulum
of cancellous bone is maintained.
Clinically there is much evidence of extensive eburnation following
suppurations in cancellous bone elsewhere than in the jaws. But
eburnation was found so commonly, in osteological sections of maxil-
lary and mandibular bones, that, at first, it was thought that errors
in technic were to blame. Bones to be sectioned were first thoroughly
dried and infiltrated with melted paraffin. After twelve hours the
chilled paraffin was cut away from the outside and the bone was cut
into sections with a fine saw. A few days of immersion in zylol re-
moved the paraffin from the cancellous bone as well as the surface of
the bone. The specimen was then dried and examined. Eburnated
areas were seen so commonly that it was exceptional to find a speci-
men that could be considered normal. These findings left no doubt
,of the fact that dead teeth are gateways for the entrance of infection
into the interior of bone.
We have seen, clinically, regions of eburnation (indicated in roent-
genograms) that were undoubtedly due directly to blood-borne dis-
turbances. The number, however, showing clearly (from the region
involved and from the position of contact with dead teeth) that in-
fection had gained access through dead teeth, was extremely high in
comparison with the number thought to be due to blood-borne
infections.
IV. SUMMARY OF CONCLUSIONS
In conclusion, we may summarize our results in the statements
that, in all cases examined, cancellous bone at the root ends of dead
teeth was found to be infected; that it was characterized by the pre-
sence of fibrous marrow; and that it could be diagnosed as affected
by myelitis or osteomyelitis. This should serve as final proof of the
long-disputed point that tooth dentine dies when the tooth pulp dies.
The deposition of cementum on a dead tooth does not imply that
vitality exists in the tooth any more than the fibrous encapsulation of
a silk suture in the bodily tissues implies that vitality exists in the
silk. The author replanted an extracted tooth after boiling it-it was
then certainly dead; but two years later, when it was removed by
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operation, sections of it under a microscope showed young lacunated
cementum deposited on the old boiled cementum.2
The condition of the cancellous bone about the root ends of dead
teeth offers final and convincing evidence of the fact that dead teeth
are dangerous sources of infection, and that in many cases the danger
cannot be removed by the old method of extraction.
1920,ii,p.575. AL
M 's~~~~~~ ,'''.f WA
Case of a replanted (boiled) tooth, 1: section through the root. C^ranulationls are
partially detached from the root stump. ANn area of sulopuration is seell at A. This
tooth had been boiled for fifteen minutes before relcantation. At operation two years
later, the tooth Nvas found to b:c thoroughly septic. (Seejigr. II of tlais case, herewith.)
I Novitzky: The problem of devritalizeel (dead) teeth? Joralo7&1f Dentall Rescairch,.
1920 ii, p. 575.
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The term "dead tooth," as used in this paper, signifies every tooth
that is really lifeless, namely, every tooth that is pulpless. A pulpless
tooth is dead, no matter what embalming process has been used on
it. Living pericemental tissues cannot give vitality to dead teeth2
any more than living green grass can give vitality to dead sheep. The
statement that pulpless teeth are not dead, until the tissues around
r -:H=A~~~
C
D
r~~~
Case of a replanted (boiled) tooth, II: section of the tooth illustrated in fig. I of this
case, herewith. A, old cementum, deposited before replantation. B, lacunated cemen-
turn, deposited after replantation; here the layers of cementurn are quite thick. C,
pericemental structure; fibroblasts are seen clustered on the edge of calcic deposits-some
are apparently submerged in the calcified tissue. D, a region of resorption, filled in by
young cementum.
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the root are also dead, might be carried to the logical conclusion that
pulpless teeth are not dead until the entire body containing them is
dead.
V. ADDENDUM: COMMENT ON A PAPER BY MERRITT
Since the foregoing was presented to this JOURNAL,3 Dr. A. H.
Merritt has published roentgenographs showing that changes take
place about the root ends of infected teeth as a result of treatment
that included sterilization and root filling.4
That such changes take place, there is no doubt. Dr. Merritt states
that, although the exact nature of these changes is unknown, they
indicate that an infected pulpless tooth can be apparently restored
to health. He presents roentgenographs to disprove the statement
that every devitalized tooth, six months after devitalization, is in-
fected, no matter how it has been treated. We have here two distinct
things: (a) evidence of change shown by roentgenographs; (b)
opinion, not evidence, that such change means absence of infection.
It is necessary again to emphasize the fact that infection, fibrous
marrow, sclerosed bone, or even dead bone-cells, cannot always be
seen in a roentgenograph. The roentgenograph does not show in-
fection; it generally shows sclerosed bone; while it may or may not
show dead bone-cells. In some cases it does not show the differ-
ence between fibrous granulations and normal bone.
In order to demonstrate that an infected pulpless tooth has been
restored to health, it is necessary to show (a) that cultures of the
cancellous bone around the root end are sterile when incubated; and
(b) that microscopic examination of the cancellous bone indicates
normal bone and marrow, and an absence of edema and round-cell
infiltrations. These things are not shown by the roentgenographic
studies of the eight cases presented by Dr. Merritt.
To one familiar with the so-called "cures" of dead teeth, as seen at
operation, any of the eight cases presented by Dr. Merritt would
suggest the presence of pathological conditions. A glance at the
3 Dr. Novitzky's paper was received shortly before the number containing Dr. Merritt's
paper had been issued.-(W. J. G.)
4 Merritt: Reparative changes that take place about the root ends of infected pulpless
teeth, after treatment, Jouirnal of Dental Research, 1921, iii, p. 229.
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roentgenographs makes it safe to say that, in each of the cases pur-
porting to indicate apparent restoration to health, a microscopic
examination would indicate the presence of fibrous marrow, round-
cell infiltration, and dead bone.
Publication of the evidence in support of the claim of Box, that a
tooth has more than one source of nourishment, has been eagerly
awaited. Long ago the writer believed that he himself had proved
that a normal tooth in man has only one source of nourishment, and
his belief has not changed. The writer showed, however, that, even
if minute channels entered the tooth but not by way of the apical
foramen, such channels would be insufficient for the maintenance of
vitality in the tooth after the pulp is removed.
209 Post Street
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